With accelerating pace in the past years, Qatar has strategically pushed forward its economic diversification. According to Qatar's long-term development vision, the knowledge-economy is taking a key role within this economic diversification process and the transformation of its capital into a regional as well as global servicehub. This paper aims at identifying emerging knowledge-based patterns that drive the Qatari space economy. We apply a research concept that brings together two different scientific angles: relational economic geography and physical urban development aspects. The results indicate first a subsidiary role for the Qatari knowledge intensive firms within the Gulf region; second their predominant connectivity patterns to Europe and South-East Asia; third as a distinct lack of urban amenities and qualities for knowledge workers.
Introduction
ÔWhen the Oryx takes offÕ stands for a widespread process where globalization has entailed a reorganization of spatial development processes on a global, European, national, and regional scale. The Oryx antelope is the iconic logo of Qatar Airways, which can be regarded as one epitome of Doha being a new rising hub in the Gulf region. One consequence of this global transformation is the emergence of a new spatial logic in which the structures of whole societies, economies, and national states are determinate by different kinds of flows, such as information, capital and power flows. New forms of hierarchical and network developments and functional differentiation between cities can be observed (Hales and Pena 2012; Sassen 2001; Friedmann 1986 ). As engines of wealth creation, cities have advanced to the position of global economy focal points. In this context, two competing interpretations of global trends in spatial development are identifiable. On one side of the debate is Thomas Friedman (Friedman 2005) , who takes the position that the world has become increasingly flat.
According to Friedman, geography no longer matters. In opposition to his is Richard Florida, who claims that Òthe world is spikyÓ (Florida 2005) . According to his point of view, a diminishing number of cities must compete for the talent and global business elites that drive the worldÕs economy. And indeed, spikiness appears to have reignited the debate: developments in information and communications technology may have shrunk the world, but there appears little evidence that this is the end of geography or the Òdeath of distanceÓ (Cairncross 1997 ).
In order to understand the competitive nature of cities, especially those exposed to global competition, it is essential to understand the character of their networks. Manuel Castells published one of the most influential academic works in the recent past about this topic. According to CastellsÕ (Castells 1996) seminal work on space of flows, societies are centered around a variety of flows: Òflows of capital, flows of information, flows of technology, flows of organizational interactions, flows of images, sounds and symbols.Ó They are the expression of the process dominating our economic, political and symbolic life. Thus, we propose the idea that there is a new spatial form characteristic of social practices that dominates and shapes the network society: The space of flowsÓ (Castells 1996) . Castells develops a new perception of spatial and urban development by identifying the space of flows as the underlying concept of spatial developments rather than the space of places, represented by world cities and other territorial spaces: The global city is not a place, but a process (Castells 1999) . The rise of the networked economy, the space of flows, and the growing spikiness of the global urban hierarchy is fueled by advances in transport and telecommunication technologies in addition to the growing mobility of global business elites. In this context, the development of cities is increasingly dependent on their position in international flows of capital, knowledge, foreign direct investments, and commodities.
In recent years the global economy has found itself in a transitional phase, Òwith an accent shifting in the sense that knowledge is steadily gaining weight as a production factorÓ (van den Berg et al. 2005; Rollwagen and Voigt 2012) . Today knowledge is considered a key driver for innovation, economic growth, and spatial development. Moreover, it has become an integral part to not only those companies engaged in producer services and advanced manufacturing, but also to Òfirms in traditional industries in order to stay ahead of international competitors, occupy markets niches, and maintain a competitive advantageÓ (Bathelt and GlŸckler 2011; Rollwagen and Voigt 2012) . Although its rise has been noted since the 1960s, research still lacks a commonly accepted definition of what the knowledge economy exactly is. We use the definition by LŸthi (2011) who describes the knowledge economy as the Òpart of the economy, in which highly specialized knowledge and skills are strategically combined from different parts of the value chain in order to create innovations and to sustain competitive advantageÓ (LŸthi 2011). In accordance with Thierstein et al. (2006) the knowledge economy is characterized by three important pillars: Advanced Producer Services (APS), High-Tech industries, and knowledge-creating institutions, such as universities and research establishments .
Following PolanyiÕs seminal classification, knowledge itself can be distinguished into codified or explicit knowledge on the one hand, and tacit knowledge on the other (Polanyi 1966) . As opposed to tacit knowledge, explicit knowledge is codifiable, articulable, and storable Ð verbally, visually, and symbolically. New information and communication technologies increasingly offer the opportunity to codify and commodify knowledge and make it tradable across time and long distances, which means that codified knowledge is becoming more and more de-territorialized. This enables companies to outsource activities and inputs globally and to benefit from relational proximity and international knowledge spill overs. Contrastingly, tacit knowledge is highly contextualized and not effectively transferable between individuals via certain media. With his wellknown phrase Ôwe know more than we can tellÕ (Polanyi 1966 ), Polanyi illustrates the fundamental idea of the distinction between explicit and tacit knowledge (Gertler 2003) . Tacit knowledge in combination with personal experience is considered an essential prerequisite in creative processes and innovation, and therefore as a foundation of the knowledge economy (Schamp 2003) .
Thus a key driver behind the development of spatial hierarchies is the functional logic of the knowledge economy. Firms that are engaged in innovation processes need constantly to create new knowledge and to manage these knowledge resources in an appropriate organizational structure. Knowledge creation requires both tacit and explicit knowledge since tacit insights are needed to interpret explicit knowledge meaningfully (Lambregts 2008) . Most corporations in the knowledge economy develop their location networks as part of their overall business strategy. Thereby, they can split their activities into units and localize them in the most favourable places in terms of local knowledge resources and industrial culture (Dicken 2007) . Boschma (2005) argues that the importance of geographical proximity cannot be assessed in isolation, but should always be examined in relation to other dimensions of proximity, relational proximity in particular (Boschma 2005) . Thus an empirical analysis of the relative importance of knowledge intensive firms acknowledges that local clustering and global sourcing are compatible and mutually reinforcing business strategies (LŸthi et al. 2013 ).
The objective of this paper lies in the exploration of the emerging knowledge-based pattern in the case of an emerging city in the Global South. The significance of cities on the Arabian Peninsula in global knowledge economy networks has grown rapidly (Schein 2009 ). In contrast to cities like Dubai or Abu Dhabi (Blum and Neitzke 2009), QatarÕs capital Doha had attracted little global attention in international research in spite of its rapid urban growth in recent years. The combination of still remaining wealth of fossil fuels, a progressive governance and a fortunate geopolitical location have led to a unique form of urbanism in Qatar. Wiedmann et al. (2014) highlight that the new strategy of developing Doha into a service and knowledge hub as well as a cultural hub for the entire Gulf region replaced the previous local understanding of cities. This change was accompanied by a reinterpretation of governance in a more entrepreneurial sense instead of the former conception of being a Ôrentier stateÕ based on fossil fuels (Wiedmann et al. 2012) .
In this paper we hypothesize that emerging knowledge economies have become visible in the case of Doha by forming strongly established firm networks on a regional and global scale in spite of the fact that economic diversification strategies have only been initiated since 1995, when a new ruler introduced a new economic development vision. We test this hypothesis by applying a comprehensive research concept that analyses the intra-firm and extra-firm linkages of knowledge intensive firms Ð Advanced Producer Services (APS) and HighTech sectors. We then map the physical and non-physical functional connectivity of the knowledge economy firms in the case of Doha on different spatial scales, which will produce three main findings: First, the relative significance of the knowledge economy within the long-term development strategy of Qatar will be discussed; second, the spatial patterns of intra-and extra-firm networks on a supra-regional, European, and global scale will be analysed; third, we will briefly shed some light on the inter-relationship between the relational proximity Ð the connectivity analysis Ð and the physical proximity in terms of office location patterns of the knowledge economy within the built environment. The next section introduces our research methodology that brings together the locational behaviour of multi-branch, multi-location firms with a value chain approach and it looks at the extent to which this hierarchy is associated with the networking activities of advanced producer services and high-tech firms.
Methodology
To understand the structure of the current patterns of knowledge-based companies in Doha it is necessary to investigate their functional logic and the networks in which the firms interact. This paper analyses the networks of multi-branch firms and measures the flows of information between business partners and their locations on different spatial scales. Thus, strength of this research is its multi-scalar approach. It is important to understand that cities or national states are not self-contained entities but rather connected to other places in the world in multitudinous ways through a broad spectrum of different actors. A particular strength of the network approach is that it integrates various spatial scales rather than giving preference to just one (Dicken 2011) . With the proposed research we apply an innovative approach that uses a triangulation of methods consisting of an interlocking network analysis, a value chain approach, and a qualitative network analysis.
The first pillar of our methodology is the analysis of the intra-firm networks, developed by the GaWC Research Network at Loughborough University. This approach estimates city connectivities from the office networks of multi-location APS-firms. These services are described as advanced because they sell high-value information and knowledge (Taylor and Evans 2005) . The basic premise of the model is that the more important the office, the greater its flow of information to other office locations.
In the first stage of this empirical work, a reliable company database had to be created. To identify knowledgebased firms within the emerging city of Doha the Zawya Database was used. Zawya is one of the most exhaustive company databases in the Middle Eastern regions providing around 12,500 company profiles. The firms were allocated to the sectors using its (NACE) codes. The following lines of business have been analysed in the present research project: Each cell in the matrix is a service value (v ij ) that indicates the importance of the location i to firm j. The importance is defined by the size of an office location and its function. By analysing the firmsÕ website, all office locations were rated on a scale of zero to five. In the first step, the connectivity between two locations (a, b) of a certain firm (j) is analysed by multiplying their service values (v). In this respect, the following equation respects the so-called elemental interlock between two locations for one firm:
To calculate the total connectivity between two locations, the elemental interlock for all firms located in these two locations have to be summarized. This leads to what is known as the city interlock (r ab ):
Aggregating the city interlocks for a single location produces the interlock connectivity (Na). This describes the overall importance of a location within the network:
Finally, if we relate the interlock connectivity for a given city to the city with the highest interlock connectivity,
we gain an idea of its relative importance in respect to the other cities that have been analysed. These scores, creating a scale from 0 to 1, are used to indicate hierarchical tendencies.
The second pillar of our methodology acknowledges that knowledge exchange and business activities do not come about through intra-firm branch office networks alone, but also from the division of labour between companies. In many cases, outsourcing strategies with respect to single activities are often efficient and lead to a higher quality of products and services. It is assumed that these extra-firm networks are strongly anchored within cities due to the quality of existing infrastructures like airports, universities with good reputation, and large settlements of leading global companies, which all provide a wealth of specific knowledge (LŸthi et al. 2010 ).
We asked firms located in Doha via a web survey to localize and assess the importance of their extra-firm relations to other APS and high-tech firms. In order to relate the extra-firm relationships to a stylized value chain, the responding firms have to localize their business activities along the individual value chain elements of Ôresearch & developmentÕ, ÔprocessingÕ, ÔmarketingÕ, Ôsales & distributionÕ and ÔcustomersÕ (LŸthi et al. 2010) .
With this procedure, we obtained a comprehensive picture about the spatial value chain patterns of APS and high-tech firms on the global and supra-regional scale.
The third pillar of our methodology consists of a qualitative network analysis. Seven in-depth, face-to-face interviews with senior business practitioners and organizations were conducted. The interviews provided qualitative evidence complementing our two quantitative data approaches. This produced an extensive and rich data source on the actual changes and issues relevant to the study that could not have been created by alternative means. The next section presents the study area of our empirical research.
Introducing the case study: the capital city of Doha
Especially during the last decade, QatarÕs economy has dramatically prospered with continued high real GDP growth rates. In contrast to 2007, when the real GDP growth reached 18 %, in 2012 the GDP slowed down to a still high rate of 6.2 % (General Secretariat for Development Planning 2012). The tremendous economic development in the recent past has led to a population explosion. Between 2004 and 2011 the total population more than doubled from about 700,000 to over 1.6 million inhabitants. Currently, approximately 2 million people are residing in Qatar (General Secretariat for Development Planning 2012: 10), 90% of them expatriates with a temporary residency status. It is expected that the robust economic environment, performance, and the ongoing diversifying process of the national economy will likely continue to drive population growth and the demand for employees (Qatar National Bank 2012) . This tremendous transition has a deep impact on both the spatial morphology and the countryÕs economic landscape. Doha, QatarÕs capital city, has been undergoing a new period of urbanization that has created a new perception of the city as an emerging urban centre in the Gulf region (Wiedmann et al. 2012 ).
Parallel to its growing political engagement, various projects were launched to develop the capital city of Doha into a global hub. Investments in Al-Jazeera Broadcasting Station to establish an international media hub were followed by mega projects in the education and science sector as initiatives of the Qatar Foundation (Miles 2005) . Additionally, new airport and harbour developments aim to turn Doha into an international transit hub, which is furthermore accelerated by the public engagement to establish Qatar Airways as one of the leading global aviation providers. Various public investments in real estate projects have moreover established Doha as one of the major investments hubs in the region (Adham 2008) . A very distinct development strategy has been the launch of diverse projects to establish Doha as a new tourism and cultural hub in the Middle East by investing in international sports events and cultural projects, such as the redevelopment of the historic city centre (Wiedmann et al. 2012 ).
In the recent past, economic policy has advanced the idea of a service-based economy to shift away from oil and expected that Qatar will continue the diversification process of its economic landscape towards a more knowledge-based economy. In this context QatarÕs aim is to boost the share of services to GDP and the raising of research and development spending to 2,8% of GDP (Qatar National Bank 2011).
DohaÕs position within functional networks
We first look at the spatial dimension of intra-firm connectivity for Doha. Taken together, DohaÕs APS economy shows a strong spatial linkage to major European cities. The high number of cities ranked among the top 20 in terms of the interlocked connectivity of APS firms underlines this. For US cities, New York is ahead in the ranking, but it is the only American city to be in the top 20. This finding confirms previous analysis showing surprisingly low levels of connectivity for US cities (Taylor and Aranya 2008) . According to Taylor (2011) , this tends to be related to the high national demand for services in the United
States itself, which has resulted in a much more nationally-oriented connectivity pattern than in other countries (Taylor 2011) . On this global scale of analysis for Doha, only Dubai appears as a Gulf location, notably a finding that supports previous studies that compared Doha, Bahrain and Dubai as potential knowledge economy hubs in the Gulf region (Thierstein and Schein 2008b) .
We now zoom in on a supra-regional scale of analysis Ð figure 4 Ð and find the broader Middle-East-Gulf region as characterized by a high amount of very well connected cities. Bassens et al. (2011) Figure 4 shows the spatial patterns of the intra-firm connectivity between APS firms on a supra regional scale.
The thickness of the lines and the darkness of the colour illustrate the relative connectivity between the different cities on a supra-regional scale. These connectivity values are standardized to the highest interlock connectivity of the case study, which is the connection between Doha and Dubai. On the supra-regional level, connections to the United Arab EmiratesÕ cities of Dubai, Abu Dhabi, Al-Ain, and Sharjah seem to play the biggest role: taken all together, the UAE accounts for 30% of overall connectivity, followed by Saudi Arabia with 15% and These results confirm earlier findings by Schein (2009) , where she identified similar connectivity patterns and connectivity intensities, revealing Dubai, Kuwait, and Riyadh as the most connected cities (Schein 2009 ).
Following Schein, the strong connectivity between Doha and Riyadh results from Saudi ArabiaÕs sales market size, the biggest on the Arabian Peninsula, and the fact that Riyadh is one of the regionÕs strongest financial locations in term of total annual GDP (Schein 2009 ).
Looking at High-Tech firms they seem to be networked much more with Asian locations than Advanced Producer Services, while North-American locations play no role (figure 5). Singapore, Moscow, Paris, Sao Paulo, and Buenos Aires are the most connected cities for High-Tech, and at present the most important region is still Europe. However, there are also two Latin American cities among the top ranked cities, Sao Paulo ranked 5th and Buenos Aires ranked 6 th , and both cities represent the economic gateway to their respective countries. Comparing the global spatial patterns of High-Tech firms with APS we observe a distinct pattern. High-Tech firms located in Doha are much more connected globally with strong investment goods markets, production locations and locations that serve a larger area in terms of after-sales services. APS firms in contrast are still oriented to some of the Old World global cities, mainly due to the sub-branches that dominate the Doha case:
banking, finance, consulting, and engineering.
Doha as localized system of value chains
Value added is always created by a combination of in-house and external competencies. The firms analysed in Doha have backgrounds such as accounting and finance, real estate as well as information and communication services. Figure 7 shows our findings for extra-firm relations of knowledge-intensive companies in Doha. APS firms most frequently interact with other APS firms in Qatar, particularly insurance, law, advertising & media companies. Even for knowledge intensive firms a considerable amount of back-and forward linkages along a firmÕs individual value chain are organized locally respectively nationally. These branches assume an important role as an entrepreneurial support network within the city and thus these findings support other studies (Goebel and Thierstein 2006; LŸthi et al. 2010) . Beyond local sourcing and physical proximity, multi-branch multilocation firms need expert inputs along their value chains from wherever the most suitable partners are located.
The supra-regional spatial scale shows that quite some interactions along the value chain are organized within the larger Middle-East Gulf region, while on the global scale, only some relationships in manufacturing are reported. In other words, very many knowledge intensive firms in Doha/Qatar rely on local and regional exchange, especially in financing and end customers. Albeit many of these firms are internally linked globally, their external exchange predominantly serves the Qatar and supra regional markets; we only find very limited interaction concerning the extra-firm linkages with companies outside Qatar.
Figure 7: Extra-firm relations of knowledge-intensive companies in Doha.
Source: TUM 2012, own calculation.
Potentials and Challenges for knowledge-intensive Firms in Doha
In order to identify the various potentials and challenges for knowledge-intensive firms in Doha from the vantage point of internationally acting business practitioner, seven face-to-face interviews were carried out.
According to the interviewees, Doha offers a unique combination of strengths that are very helpful in establishing and promoting the emergence of Doha as an influential city on the regional and global stage. The tremendous wealth from and around oil and gas industries makes Qatar one of the richest economies in the world. During the current global economic downturn, Doha is still characterized by a prospering economic landscape with economic growth rates that are far above average. The revenues of the oil and gas production permit large-scale infrastructure developments, including the construction of a new port and new international airport. The ability to embark on new projects and far reaching development activities of the urban landscape in times of a global crisis and global instability illustrates the power and potentials of Qatar. The economic potentials of Doha are thus found along two key dimensions. One is capital, which permits state-of-the-art infrastructure and the ability to launch various new initiatives, such as Education City, one of the five hub strategies of Qatar (Wiedmann et al. 2014 ). The second is the fortunate geopolitical location of Doha within the Gulf region, finding it positioned between the Kingdom of Bahrain and Kuwait in the north, main urban centres in Saudi Arabia in the west and the UAE and Oman in the south.
Nearly all companies interviewed are exclusively focusing their activities on the local market and more often than not, cooperating with companies and research institutes located in Doha. Most of the companies have established their own independent entities that are fully responsible for the domestic market. Cooperation on shared projects can happen but are not usual. Based on the estimation of the interviewed companies, Qatar has such an attractive and extremely fast growing domestic market that there are enough projects and business opportunities to go around, and therefore no need for an international acquisition of further projects.
None of the firms interviewed assume a function as supra local headquarter for a larger market are like the Gulfregion. Instead, offices that serve such a regional headquarter function are operating out of the Emirate of Dubai.
According to the interviewed executives it is not expected that Doha will serve the function as regional business hub in the nearer future. With regard to project collaborations these firms often prefer digital communication. ÒThe urban quality of diversity is mainly dependent on the spatial practice of investors, companies and inhabitants. In the case of Doha, developers and their investors play the most decisive role in diversifying the urban environment, because their speculative interests have been the driving force of the recent urbanization processÓ (Wiedmann et al. 2014 ). All interviewees agree that presently, Doha cannot be considered as a hub for knowledge-based activities in the Gulf region. But the ambition for the near future is clearly articulated by decision makers: to become a service centre for regional as well as global markets.
Concluding remarks and outlook
Cities can be regarded as nodes in a space of flows. Although our study focuses on a particular case on the Arabian Peninsula, the location cannot be studied in isolation. Each city is inserted in a broader network of exchange, connected to other cities and locations around the world and thus is part of an overarching urban hierarchy The knowledge economy is said to alter the urban hierarchy significantly and turn it more spiky (Florida 2005) . Eventually the urban form will reflect this seminal change, driven on the one hand by the knowledge workers and their demand for urban amenities and qualities, on the other hand by location choice of knowledge intensive firms, real estate developers, international financial flows and development-friendly regulations. Large-scale public investments initiated by QatarÕs rulers have shaped contemporary Doha into one of the fastest growing cities in the world and a serious contender as an emerging regional hub city, see discussion on the role of hub cities in the knowledge economy: (Conventz et al. 2014) . However the various public development strategies initially followed no cohesive development vision or plan. These activities are often carried out in a rather isolated manner, based on top-down and case-by-case decision-making. In contrast to
other Gulf cities such as Dubai, where the trading sector played a major role in the beginning of economic diversification, the real estate boom in Doha was mainly ignited by public investments in five development strategies (Wiedmann et al. 2012 ).
Consequently, Doha/Qatar has experienced a rapidly growing number of knowledge-based firms, especially in the services sector, which have opened permanent or temporally project-related offices in Doha. Most of these firm establishments are part of dynamic multi-branch, multi-location companies that optimize their location network according to market opportunities and availability of qualified personnel. Our intra-firm and extra-firm network analysis shows that knowledge intensive firms in Doha/Qatar Ð be it APS or High-Tech firms Ð are strongly connected to Europe, Asia and the Americas, while regional headquarters remain in Dubai and international headquarters outside the wider Gulf region. DohaÕs knowledge intensive firms organize their external-firm linkage predominantly either on a local spatial scale or on a supranational scale; spatial scales beyond these scales play nearly no role. In other words these firms focus their activities mainly on local markets rather than on using their location for doing business beyond the borders of Qatar.
The outlook for Doha is therefore ambiguous. The reliance of knowledge intensive firms on local projects thus builds upon continuous urban growth in Doha. So far, public authorities do not manage to integrate a coherent urban development strategy. The economic potential of Doha goes along two key dimensions: One is the availability of capital, which allows cost intensive infrastructure investments and the ability to launch various new knowledge initiatives, such as Education City. The second key dimension is the geographical position of Doha within the Gulf region itself as well as markets in Asia and Europe. Based on our research results the rapid urban growth in recent years has led to an increasing connectivity of knowledge economies situated in Doha.
This however was mainly the result of extensive public investments into local projects. Consequently, Doha was able to reposition its status through its high integration into supra-regional urban networks and its strong linkages to European and Asian Cities. Despite DohaÕs rather strong integration in the global urban hierarchy the role of its knowledge intensive firms remains restrained to a local or supra-local spatial realm. For the Gulf region Doha seems to be not even a regional knowledge economy hub but a globally connected location. Subsequently, DohaÕs emerging multi-national and multi-cultural society will be tested to transform an Òinstant cityÓ-phenomenon based on public investment strategies into an actual hub city, used as operative centre of international knowledge economies. This transition will heavily rely on the successful implementation of stateof-the-art infrastructure as well as new immigration policies permitting the gradual integration of foreign communities. In future the main decisive factor for consolidating knowledge economies in the case of Doha will be the long-term commitment of a highly educated workforce to stay and to develop a functioning self-contained service economy in Qatar. The ever-changing composition of QatarÕs society can thus be identified as the main threat for any successful economic diversification based on knowledge intensive sectors.
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